The temperate climatic regions face the problem of waste accumulation due to lower environmental temperatures. However, these regions harbor cold active microbes viz. psychrotrophic proteolytic bacteria that play an important role in the degradation of protenaceous materials of the waste stream. Hence in the present study psychrotrophic proteolytic bacteria were isolated from waste samples collected from landfill site by using random sampling method under environmental temperature of 10 o C. By using serial dilution and spread plate technique a total of 8 morphologically different psychrotrophic proteolytic bacteria were isolated on skim milk agar media at pH of 7.0 and temperature of 10°C after 48hours. Under in-vitro conditions all the isolates produced significant quantities of protease over the control and diameters of hydrolysis zones ranged between 2 to 18 mm at temperature range of 5 to 20 o C and after 72 hours. The corresponding quantitative protease activities of the isolates was significant that ranged between 0.5 to 2.25 U/ml and the isolate PB 2 was most efficient with highest protease activity of 2.25U/ml at 20 o C. Based on 16SrRNA analysis the isolate was identified as Pseudomonas florescence with 96% similarity. It was concluded that the isolates can grow in wide ranges of temperature and could be used for enhanced decomposition of organic wastes during lower temperature conditions in cold regions. Further the isolates could have industrial applications due to the production of cold active proteases that would help economic benefits through energy conservation.
37
Introduction 38 The management of municipal solid waste (MSW) is a global problem and land-filling is 39 considered as the common method of disposal of MSW. In developing countries like India, 40 biodegradable MSW accounts for more than 60% of the total MSW generation. The presence of 41 organic materials in the waste stream also contains protein rich kitchen waste that supports the 42 growth of proteolytic bacteria [1, 2] and thus landfill sites are regarded as store houses of 43 effective waste degrading bacteria. The bacterial cells consume the wastes of different types by 44 producing various specific enzymes. In temperate climatic regions the decomposition of 45 biodegradable waste is retarded during cold temperatures due to slowing down of microbial 46 activities. But these regions contain some psychrotrophic protein degrading bacteria that could 47 be used for decomposition of protenaceous materials of the waste. Hence the interest was 48 developed to study the nature of extracellular enzymes secreted by these cold adopted bacteria. 49 Psychrotrophic bacteria are the bacteria that grew at lower temperatures (5 o C) and had higher 50 optimal growth temperatures [3] . The permanently cold areas do not only habit the 51 psychrotrophic microorganisms but such microorganisms are also present in seasonally cold 52 environments because of their ability to tolerate lower temperatures [4] . In these seasonally cold 53 environments psychrotrophs are believed to play an important role in the biodegradation of 54 organic matter. The bacteria that are adapted to lower temperatures have special type of proteins 55 called cold acclimation proteins (Caps) that are involved in important metabolic function(s) at 56 low temperature by maintaining membrane fluidity and/or by replacing cold-denaturated 57 peptides. 58 59 A protease is an enzyme that carries out the hydrolysis of peptide bonds between the amino acids 68 the identification of potential enzyme producing isolates involves the morphological and 69 biochemical methods, however, the technique of 16SrRNA gene sequencing is considered a 70 novel and accurate method for identification of unknown species and up-to species level. 71 Kashmir valley is a temperate climatic region and management of municipal solid waste 72 becomes a major issue during cold environmental conditions due to slowing down of microbial 73 activity. Hence the interest was developed to set the aim of isolation and characterization of 74 psychrotrophic proteolytic bacteria that could be used for the development of efficient bacterial 75 consortium for rapid composting of biodegradable solid waste. Further no such work has been 76 done to the best of our knowledge and characterization of the isolates would serve as a base line 77 data for characteristics of cold adapted protease producing microorganisms. 78 79 Materials & Methods 80 Collection of samples 81 By using random sampling method waste samples were collected during winter season from 82 Achan landfill site that lies between 34° 7' 00" North and 74° 47' 38.08" East (Fig-1 ). The waste 83 samples mixed with soil were collected aseptically and transported intact at ambient temperature 84 in sealed polythene bags to the laboratory for analysis. 85 86 Isolation of psychrotolerant protease producing bacteria 87 The isolation of bacteria was carried on selective media (Skim milk agar) by serial dilution and 88 spread plate technique under aseptic environment of laminar flow cabnet.1g fresh weight of each 89 sample was taken and added to 9ml of sterile water in test tubes and serially diluted in the range 90 of (10 -1 to 10 -6 fold dilution). From each dilution 1ml of solution was taken and spread on Skim 91 Milk Agar Plates (pH -7.0) (g/l) (skim milk powder-28, casein enzymatic hydrolysate-5, yeast 92 extract-2.5, dextrose-1, agar -15) and were kept inverted at 10 o C for 48 hours. The colonies that 93 had formed a clear zone around were selected as protease positive isolates. Colonies were picked 94 based on difference in morphology, size and color. The different isolates were sub cultured to 95 achieve the pure cultures and preserved in nutrient agar slants at 4°C. The protease activity was determined by following modified casein-folin method [10] .The 119 substrate for the process was prepared as 1% casein in 0.5M phosphate buffer at pH 7.0. Then 120 1ml of substrate was taken in screw caped test tube and to this 1ml of enzyme extract was added 121 following incubation at 20 o C for 60 minutes. After the completion of incubation period the 122 reaction was stopped by adding 3ml of Trichloroacetic acid following centrifugation at 8000rpms 123 for 10minutes.After that 0.5 ml of supernatant was pippetted out and to this 2.5ml of sodium 124 carbonate (0.5M) was added, shaked well and kept in incubation for 20 minutes. Followed by the 125 addition of folin phenol reagent a blue solution was produced and its absorbance was measured 126 at 660nm against a reagent blank. The amount of amino acid released was estimated by using a On the basis of qualitative analysis the isolates showed a diversified protease activity and the 186 results are presented in Table- 1and Fig-2 . The hydrolysis of the protein media by the efficient 187 isolate at different incubation periods is shown in Fig-3 . Table- 1 it is evident that the isolates showed increased protease activities by producing 191 larger hydrolysis zones (6 to 18 mm) as the temperature increased from 5 to 20 o C. The isolate 192 PB 8 was most efficient with significantly highest protease activity by producing largest 193 hydrolysis zone of 18mm at 20 o C after 72hours (Table-1 & Fig-3 ). 255 isolate of the present study was outstanding that showed remarkable protease production 256 potential at lower temperatures that reflects their high biotechnological demand. 257 The isolates were grown in nutrient broth media for mass multiplication and production of 259 isolates. This might be due to the favorable conditions that supports the maximum growth of 260 bacterial isolates. 261 Further the quantitative estimation of protease activity revealed that all isolates were outstanding 262 and the isolate PB 2 showed highest activity of 2.22U/ml . The quantitative protease activities of 263 the isolates was found in accordance with hydrolysis zone diameters produced by the isolates. In 264 previous studies [17] reported protease activity of different isolates varying from 0.01 to 265 0.43Uml at 37 o C after 48 hours of incubation period. Similarly in another study [18] studied the 266 characterization of cold active proteases and reported highest protease activity at 15 o C. Thus it 267 was concluded that the isolates of the present study showed great potential for the production of 268 proteases at lower temperatures that has biotechnological and industrial values. 
